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1 Introduction

The current working assumption regarding power saving in LTE is that discontinuous reception shall be employed also for LTE_ACTIVE mode. Recent contributions have proposed solutions for supporting DRX in LTE_ACTIVE both at the high and low level of abstraction. This contribution discusses some of the open issues that need to be resolved in relation to DRX mode identified during previous RAN2 meetings.

2 Control Signalling Options for DRX Operation

One of the key issues is how the DRX should be controlled. In this section we discuss the difference between one and two level DRX cycles for the purpose of identifying the gains and stimulate discussion about the details of the DRX mechanisms.

At the moment there are two existing proposals being discussed [1-3] and [4-5]:

· Duty cycle proposal: one level of DRX controlled either by RRC or MAC

· Two level approach: First DRX level RRC controlled/configured and second DRX level is MAC controlled/configured

In order to decide on one of the proposals, there is a need to clearly identify, and preferably quantify, the potential gains two level DRX (as compared to the “traditional” one level approach). 

In LTE_ACTIVE mode, the UE can enter the DRX state when it does not have scheduled data and it is not necessary to perform measurements and monitor the paging channel. 

Depending on how predictable the traffic arrival rate is, and based on the QoS requirements associated with the radio bearer, it is possible that the network configures a single DRX interval for the UE to use (assuming that DRX is per UE, not per radio bearer). This can be dynamically controlled by using MAC control PDU [4] or, theoretically RRC signalling can also be used for dynamic control of DRX parameters. In principle it is not controversial that at least one DRX cycle will exist (and possibly be enough to provide UEs with “enough” power saving without additional complexity and signalling) for the UE and that one should, for reliability reasons be configured by RRC. By configure, we assume that UE will have information on when UE should start DRX, length of the cycle and, once UE is “awake” from DRX, for how many TTIs it should stay awake.

On the other hand, as it has been pointed out in [1] and [2], the inter-arrival time between packets can vary on different time scales and may be difficult to predict from a scheduling point of view. Depending on the specific application, user behaviour and many other factors, the time between two scheduling instances can vary between the millisecond level up to several seconds or more. Also, once a packet is ready for transmission, the delay requirement until it must be scheduled can vary between wide ranges of values. While it is desirable that the UE enters DRX mode and stays there when there is no scheduled data, it may be required to leave DRX as soon as there is data to transmit. The combination of these considerations may necessitate dynamic control of the DRX cycle length in LTE_ACTIVE. To this end, some recent papers have proposed a two-level control scheme, according to which:

· UE has one high level of DRX. This level is quite long and set by RRC signalling (that takes care of adjusting the regular DRX parameters)

· MAC signalling is used to control the parameters associated with the interim DRX cycle [2]. This is when second level DRX takes control that makes DRX cycle significantly shorter than the one configured with RRC. 

Figure 1 illustrates different options discussed above on how DRX cycle can be configured:. 

· Option 1 (left) applies to the case when two-level DRX cycles are used. In this option, the eNB uses RRC signalling to control the DRX parameters (notably the cycle length). The second level of DRX is only allowed to be configured by MAC while the UE is in non-sleeping mode. (That is, it is assumed that this cannot be done for the UE while in sleep mode, since during this period the UE will not receive any information and its receiver is shut down.) When the UE is awake it is allowed to enter smaller DRX periods (second level, apart form its RRC configured DRX cycle) depending on the data arrival rate.

· Option 2 (middle) uses one-level DRX cycle. Here only RRC signalling is used. This is the simplest option and it can be disputed for some applications may be not most efficient option. 

· Option 3 (right) uses one-level DRX cycle. RRC is used at bearer setup to configure a default DRX beahvior and MAC is used to dynamically adjust DRX parameters (either send UE to sleep earlier if there is no data to transmit or change DRX interval for the UE). If this option requires the same amount of signalling as option 1, then option 1 is better. 
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Figure 1: Control signalling for DRX operation in the case of 2-level and 1-level DRX cycles.
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3 Length of DRX interval vs synchronization

Another open issue to discuss is how long the UE should keep its synchronization state and what it is dependent on. Recall that depending on the state, the UE will need different procedures to start transmission. UE in synch will use normal operation i.e. either allocated resources or UE uses scheduling request. If out of synch, UE will be required to use random access procedure. Since the procedure does not carry any data, the UE may get limited grant and need to request more resources to continue transmitting. This will require more UE power consumption, signaling and latency will be longer compared to synched state. What is the break even point from the latency and signaling point of view needs to be further discussed.

In principle we assume that synchronized/non-synchronized states will most likely be different RRC/MAC states.

4 HARQ retransmissions

In case of retransmissions, even though, DRX for the UE is configured, we believe UE should continue transmission (since DRX is only addressing power savings).

5 Proposed Way Forward

While there seems to a consensus that DRX control in LTE_ACTIVE must be able to dynamically adjust the DRX parameters to changing packet inter-arrival patterns, it is less clear whether this is best done employing a two-level mechanism or preserving the one-level DRX mechanism.

Intuitively, from the UE’s perspective, at any one point in time, there is a single timer which currently bounds the interval during which the UE can actually do discontinuous reception (in the two level case this would be the “nearest end” of the currently valid first and second level cycles). Therefore, theoretically, the same dynamics should be possible to achieve with one level cycle than what is possible with two levels. Therefore, we believe that the proponents of the two-level approach should identify the scenario (e.g. a simultaneous VoIP and browsing session for a single UE) and the gains (e.g. in terms of total amount of signalling, time period spent in DRX mode, etc) that can be associated with the two-level solution. 

We also believe that depending on the synchronisation state of the UE, there may be different RRC and MAC states.

In case of retransmissions, UE should continue and finalize transmissions irrespective of configured DRX.
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